In the last few years, fingerprinting of microsatellite or SSR (Simple Sequence Repeats) loci, that are short (1-10 nucleotides) DNA tandem repeats dispersed throughout the genome and with a high degree of variability, revealed to be very useful to discriminate S. cerevisiae strains [15] [16] [17] [18] [19] . Searching the genomic DNA database of S. cerevisiae, six microsatellite loci were selected that generated 44 genotypes (with a total of 57 alleles) from 51 strains originating from a spontaneous fermentation [20] . This method is fast, allowing multiplex PCR reactions, precise and reproducible, and therefore very powerful.
In the present paper four different genetic fingerprinting techniques (karyotype analysis, delta sequence typing, mtDNA restriction analysis and microsatellite genotyping)
were used for the detailed genotyping of 23 commercial wine yeast strains. The analysis of the polymorphisms produced by each of the methods allowed a detailed comparison of the advantages and disadvantages of each method showing the utility and efficiency of these modern approaches for fingerprinting relatively large sets of winery yeast strains. 
Chromosomal polymorphisms
Yeast chromosomal DNA was prepared in plugs as previously described [7] , washed in TE buffer (1 mM EDTA, 10 mMTris-HCl, pH 8.0) at 50°C for 30 min and then washed again three times in the same buffer at room temperature for 30 min. The plugs were loaded in a 1 % (w/v) agarose (Seakem ® Gold) gel and electrophoresis was performed using a TAFE (transverse alternating-field electrophoresis) system (Geneline, Beckman) under the following conditions: constant voltage of 250 V for 6 hours run time with 35 s pulse time, followed by 20 hours at 275 V with a 55 s pulse time at constant temperature (14ºC). The electrophoresis buffer consisted of 10 mM Tris Base, 0.5 mM EDTA free acid and 4 mM acetic acid. After staining the gel with ethidium bromide, bands were visualized and photographed.
Mitochondrial DNA restriction patterns
The reactions were performed overnight at 37ºC and prepared for a final volume of 20 µl as follows: 17 µl of total DNA (60-120 µg), isolated as described, 0.5 µl of the restriction endonucleases HinfI or RsaI (10 U/µl, MBI Fermentas), 2 µl of the appropriate 10x-buffer and 0.5 µl of RNAse (10 mg/ml) (MBI Fermentas). The DNA fragments were separated on a 1.5 % (w/v) agarose gel containing ethidium bromide, visualized and photographed.
Microsatellite amplification
The six trinucleotide microsatellite loci described as ScAAT1, ScAAT2, ScAAT3, and analyzed by using the corresponding GENESCAN software.
Reproducibility
All typings were performed at least in duplicate. The reproducibility of the described Again, with exception of strains 1, 10 and 12, unique patterns were found with the restriction enzyme HinfI. Figure 4 shows the identical mtDNA restriction patterns of these 3 strains using HinfI or RsaI.
Analysis of chromosomal patterns
As shown in Figure 3 , the pulsed field electrophoretic karyotypes of the 23 strains analysed showed 22 different chromosomal patterns. In the range below 600 Kb, where the resolution is better, the greatest variability was found, both in the position and in the number of bands, which varied from five to ten. There was also considerable variability in the region of approximately 900 Kb, where for most strains one or two bands were observed in different positions.
The patterns of the strains 10 and 12 (K10) were again identical whereas in strain 1 differences in the zones of about 600 Kb (chromosomes XVI-XIII) and 900 Kb (chromosomes V-VIII) were observed. A lower weak band was lost and another higher weak band appeared in the zone of around 600 Kb. In addition, a band of smaller size in strain 1 replaced a weak band present in the region about 900 Kb. Except for these two bands, the pattern of strain 1 is identical to that of strains 10 and 12, indicating that these strains are genetically very closely related. The results obtained for the analysis of the 6 microsatellite loci AAT1-AAT6 are summarized in Table 2 . Unique patterns were found for 20 strains, while an identical pattern was found for strains 1, 10 and 12. The number of alleles found for each locus varies between 3 and 15, being the loci AAT1 and AAT3 characterized by the highest polymorphism. The number of genotypes varied between 4 and 18 for each locus separately analyzed (Table 2) . In the present study, different methods have been applied to genetically differentiate 23 commercial wine starter yeast strains. As summarized in Table 3 , depending on the technique used, distinct levels of discrimination were obtained, varying from 10 to 22 different patterns.
The power of discrimination of S. cerevisiae strains by PCR-based interdelta typing depended on the primer pairs used. Amplification with the initially described [11] primer pair δ1-δ2 (primer pair A) resulted in 10 different patterns, whereas the substitution of primer δ1
by primer δ12 (primer pair B), resulted in a 2-fold increase in the number of patterns obtained (Table 3 ). The optimized primer pair B, found by an extensive BLAST search, raised the detection of polymorphisms and allowed the unequivocal differentiation of 53 industrial, laboratory and wild-type yeast strains [14] . Delta sequence typing with the standard primer (pair A) has been reported to be very useful and easy to perform for the typing of commercial strains. However, for the delimitation of genetically close related indigenous yeast strains, this method has a low discrimination power and therefore should be combined with other typing methods like mtDNA or karyotype analysis [13, 21] . In the present study, the interdelta typing of the 23 industrial strains with optimized primer pair B had almost the same level of discrimination as the pulsed-field-karyotyping. These results are consistent with the ones previously described [14] .
As shown in Table 3 , the 21 patterns generated by mitochondrial DNA restriction with Using interdelta amplification, mtDNA RFLP and microsatellite typing, strains 1, 10
and 12 generated the same patterns (Table 3 ). The chromosomal patterns of strains 10 and 12
are identical, and were very similar to that of strain 1. Strain 1 differs from the two other strains due to changes in the position of two weak bands in the zones of about 600 and 900
Kb. Two pairs of chromosomes, XVI / XIII and VIII / V, very close in size, are found in these regions. Interestingly, a reciprocal translocation between chromosomes VIII and XVI, generating two new chromosomes VIII XVI and XVI VIII has been described as occurring frequently in wine yeast strains [28] . This rearrangement, found in wine yeast strains, is involved in their adaptative evolution, since the translocation results in higher expression of SSU1, thus enabling the cells to resist higher sulfite concentrations [29] . Indeed, wine yeast strains exhibit either normal chromosome VIII (of about 560 kb), chromosome VIII XVI (of about 920 Kb), or both [29, 30] . Both are actually present in strains 10 and 12 (results not shown) and the opposite variations in the size of bands in strain 1 may indicate different rearrangement events related these two chromosomes. All these evidences strongly suggest strains 10 and 12 are genetically related to strain 1.
Strain "families" having the same mtDNA restriction profile and δ sequences PCR product patterns, differing only by faint variations of chromosomal band position or the presence of doublets have been described [23] . Differently sized chromosomes can be explained by structural reorganizations, leading to structural heterozygosis [30] . Such chromosomal rearrangements have been described in wine yeast genomes during vegetative growth [31] or during wine fermentation [32] . In summary, our results show that microsatellite typing and the optimized interdelta analysis have similar discriminatory power compared with both mtDNA restriction analysis and karyotyping. None of the typing methods was able to discriminate between two S. cerevisiae commercial strains (10 and 12). At least two hypotheses can be raised to explain this result: the strains are identical, although having different commercial designations, or the techniques used are not sufficiently accurate to discriminate between them. Concerning the first hypothesis, there are references reporting equivalent situations in commercial yeast strains [9] . The common geographical origin of these two strains supports this hypothesis.
The improved PCR amplification of delta sequences described by Legras et al.
[14] is a very convenient method that does not require high equipment investment and can substitute other methods advantageously. However, some critical aspects of delta sequence typing have to be mentioned, as the PCR banding patterns depends on the quantity of template DNA [9] .
Occasionally, we also found weakly amplified bands that can make the interpretation of the results difficult (not shown).
Mitochondrial DNA restriction analysis could be a good technique to differentiate yeast strains from the same ecosystem. This technique is also easy to use once the conditions have been carefully standardized and the reproducibility is better than the one of δ sequences analysis. Table 1 . Commercial Saccharomyces cerevisiae strains used in the present study. Analysis by delta sequence typing, mtDNA RFLP and pulse field electrophoresis of strains number 1, 10 and 12. The three strains present identical patterns, except the slight differences in strain 1 indicated by arrows. 
